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Previews
transgenic mice, the Kir2.1-induced hyperpolarizationSilence Sets on a Sensory Map
abolishes odorant-evoked and spontaneous spiking ac-
tivity in ORNs.
The capacity of cells expressing a particular receptor
to converge to discrete glomeruli in the olfactory bulb
appears to be uncompromised in existing models that
Recent efforts to understand the contribution of neu- modify odor-evoked neuronal activity (Lin et al., 2000;
ronal activity in the creation of the olfactory sensory Zheng et al., 2000). Consistent with these observations,
map have focused on odor-evoked events. In this issue global elimination of synaptic transmission from ORNs
of Neuron, Yu et al. discover a new role for neuronal to mitral cells, using the tetanus toxin mice described
activity in the organization and maintenance of the above, also leaves the targeting process intact and does
olfactory system. Their results highlight the role of not affect the formation of distinct glomeruli. The inhibi-
spontaneous activity and synaptic transmission in tion of synaptic transmission or spontaneous activity in
axon outgrowth and olfactory neuron survival. the subset of ORNs that express the P2 odorant recep-
tor, however, produces a surprising result. There is a
selective dissolution of the P2 glomerulus and a gradualThe external odor world is represented in the CNS as a
depletion of these inactive ORNs from the sensory epi-receptotopic map defined by the segregation of axons
thelium. These observations suggest that the reducedfrom cells expressing the same odorant receptor (OR)
fitness of inactive ORNs is only manifested in a competi-gene into discrete glomeruli of the olfactory bulb. The
tive environment.establishment of this remarkable organization is depen-
The results of Yu et al. add a new dimension to accu-dent on the OR protein itself. Moreover, the continual
mulating evidence that the olfactory bulb glomerulusreplacement of olfactory receptor neurons (ORNs) dur-
represents the unit of activity-dependent competition ining adult life requires that new olfactory axons must
the olfactory system. Activity in the ORNs could affectcontinually execute this precise targeting and maintain
three distinct phases of ORN-olfactory bulb connectiv-accurate connections. The evidence to date suggests
ity: the arrival of their axons to the appropriate glomeru-that odor-evoked activity does not contribute to the
lus, their ability to enter into an already formed glomeru-creation of the olfactory map, but its role in maintenance
lar structure, and the rate at which established axonsremains controversial. In this issue of Neuron, Yu and
are eliminated from the glomerulus. Previously, Zhaocolleagues (Yu et al., 2004) highlight the role of sponta-
and colleagues utilized a genetically created mosaicneous activity in ORN competitive survival and demon-
model to establish competition between odorant-respon-strate that this activity plays a permissive role in the
sive and odorant nonresponsive ORNs projecting to theorganization of the olfactory system. The authors use
same glomeruli (Zhao and Reed, 2001). There was antwo clever paradigms to gain insight into the role of
odorant-dependent elimination of the axons of nonre-synaptic transmission and spontaneous neuronal activ-
sponsive neurons from these glomeruli. Recently, Stormity in the establishment and maintenance of a precise
and colleagues showed that odorant stimulation selec-olfactory map.
tively promotes the survival of responsive ORNs andIndividual ORNs express only one of a total of about
presumably leads to greater numbers of axons pro-1000 OR genes. The cells expressing a given receptor
jecting into the target glomerulus (Watt et al., 2004). Thisare dispersed broadly across the sensory epithelium,
would lead to a gradual increase in the size of thoseand their axons converge to one or a few topographically
glomeruli receiving innervation from highly active ORNs.fixed glomeruli in the olfactory bulb. A given odor stimu-
At the other extreme, we now know that spontaneouslus elicits action potentials in subpopulations of ORNs
activity in the ORNs is essential for holding togetherexpressing cognate receptors to produce a pattern of
the glomerulus.activated glomeruli. Mitral cells that extend dendritic
Recent work in several laboratories suggests that aarbors into these glomeruli serve as the second-order
feedback mechanism limits expression to only a singleneurons that carry the information in the olfactory map
functional olfactory receptor in each sensory neuronto higher brain areas.
(Lewcock and Reed, 2004; Serizawa et al., 2003). If cellsThe application of molecular genetic tools allowed Yu
activate an OR promoter that drives expression of onlyet al. to intervene in neuronal activity at two distinct
a reporter or a truncated OR pseudogene, they continuephases of neural transmission. In the first paradigm,
to transcribe that allele and go on to choose additionalan ORN-specific promoter drove expression of tetanus
OR loci until a functional receptor is expressed. Thistoxin light chain (TeTxLC) to cleave VAMP2 and inhibit
feedback process requires the OR protein, although thesynaptic vesicle release in ORNs. These cells displayed
mechanism by which the appearance of a functionalnormal transduction currents in response to odorants
receptor on the cell surface signals this event to theand propagated action potentials but were specifically
nucleus remains mysterious. The experiments by Yu etblocked in synaptic transmission. The selective overex-
al. hint that elevated spontaneous activity resulting frompression of the inward rectifying potassium channel,
receptor-mediated, ligand-independent processes mayKir2.1, in mature olfactory neurons provided an alterna-
tive approach to blocking neuronal activity. In these serve as this signal. Specifically, elimination of sponta-
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Yu, C.R., Power, J., Barnea, G., O’Donnell, S., Brown, H.E.V., Os-neous neuronal activity could allow the expression of
borne, J., Axel, R., and Gogos, J.A. (2004). Neuron 42, this issue,multiple functional receptors in each ORN and underlie
553–566.the aberrant axonal targeting and “wandering” that was
Zhao, H., and Reed, R.R. (2001). Cell 104, 651–660.previously associated with cells expressing additional
Zheng, C., Feinstein, P., Bozza, T., Rodriguez, I., and Mombaerts,ORs. In mice overexpressing Kir2.1 in mature ORNs,
P. (2000). Neuron 26, 81–91.both P2 and MOR28 axons were diffusely distributed
through the olfactory bulb and appeared to innervate
multiple glomeruli. The tools are now in hand to directly
examine the relationship between spontaneous activity
Selective Dopamine Filter ofand feedback regulation of OR selection.
In addition to the specific alterations arising from ac- Glutamate Striatal Afferents
tivity-dependent competition at individual glomeruli, Yu
et al. report that there are global effects of eliminating
spontaneous activity during development. The silencing
Corticostriatal glutamate afferents and mesostriatalof ORNs by hyperpolarization results in impaired axon
dopamine afferents commonly converge onto the sameextension. The most striking defects are seen in those
postsynaptic spines of medium projection neurons. Theaxons that travel the greatest distance to the dorsal
consequent synaptic triad provides an ideal configura-posterior olfactory bulb. In the visual system, electrical
tion for dopamine modulation of glutamatergic trans-activity dramatically enhances trophic factor-mediated
mission. In this issue of Neuron, Bamford et al. reportaxon outgrowth in retinal ganglion cells (Goldberg et
that dopamine inhibits glutamate release in a selectiveal., 2002). In a similar manner, neuronal activity may
manner by activating presynaptic D2 receptors.promote ORN responsiveness to guidance cues in the
olfactory bulb.
Complex neuronal circuitry within the olfactory bulb The striatum of the mammalian brain is a large subcorti-
is critical for enhancing the sensitivity and selectivity of cal structure involved in motor coordination, cognitive
olfactory perception. Recent studies have implicated a functions, and disorders such as schizophrenia, drug
role for spontaneous spiking activity in shaping neuronal addiction, Tourette’s syndrome, Huntington’s disease,
circuits. The refinement of the retinotopic map re- and Parkinson’s disease (Wilson, 2004). As the main
quires spontaneous retinal waves during development input target for the basal ganglia, the striatum receives
(McLaughlin et al., 2003). Olfactory neurons also exhibit massive convergent innervation. The dorsal striatum re-
a bursting behavior and a spontaneous firing of action ceives its main excitatory glutamatergic inputs from sen-
potentials. A major future challenge lies in determining sorimotor cortical areas (Haber et al., 2000). There also
how intrinsic developmental processes, spontaneous are extremely dense dopaminergic afferents arising in
activity from ORNs, and evoked activity arising from a the substantia nigra pars compacta and the ventral teg-
dynamic odor environment contribute to olfactory bulb mental area. The striatum has been proposed to process
organization. Elucidating the mechanisms underlying and expedite information flow from various cortical and
the establishment of the olfactory sensory map and its limbic inputs out to targets that generate appropriate
interpretation by the CNS will be essential for under- behaviors (Grace, 2000). The striatum works as a gate-
standing olfactory perception. way, filtering out unwanted impulses and maintaining
smooth information flow in the cortico-striatal-thalamo-
cortical neuronal network. A dysfunctional striatum may
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